Introduction
The Golgi apparatus (GA) plays a central role in the posttranslational modification, sorting, and transportation of proteins. In mammalian cells, the GA is a dynamic structure, which is broken down into small vesicles and tubules during mitosis and is reassembled from these fragments into stacks during telophase, and these stacks are linked to form a ribbon during interphase [1, 2] . GA membrane fusion and fragmentation are closely related to two sets of proteins, a family of coiled-coil proteins called golgins and Golgi reassembly stacking proteins (GRASPs) [3, 4] . The best characterized golgins are p115 and GM130, which are thought to form a tethering complex that recruits COPII vesicles to fuse with cisGolgi membrane [5, 6] . GRASP65, a protein involved in Golgi stack formation, binds directly to GM130 to target this complex to the cis-Golgi [7] . It has been proposed that p115, GM130 and Giantin form a tripartite tether involved in the fusion of recycling COPI vesicles [8, 9] , and that the GM130-GRASP65 complex is required for lateral cisternal fusion to form the Golgi ribbon [10] . Studies on a temperature-sensitive cell line revealed that detectable levels of GM130 was not required for normal GA structure in mammalian cells at the permissive temperature, suggesting that membrane tethering may be supported by redundant functions [11] .
At the onset of mitosis in mammalian cells, the GA undergoes extensive fragmentation. This process is linked to protein phosphorylation. The p115-GM130 tethering complex is disrupted by CDK1-mediated phosphorylation of GM130 on serine 25 during mitosis. This contributes to the attenuation of vesicle transport and perturbation of Golgi structure [6, 12] . Phosphorylation of GRASP65 and GRASP55 is thought to be critical for Golgi membrane fragmentation when cells enter mitosis [13] . Golgin-84 is a phosphoprotein in metaphase, but the function of its phosphorylation in regulation of GA structure remains unknown [14] .
In addition to phosphorylation, other posttranslational modifications such as acetylation and ubiquitination are important in regulation of GA structure and transport [15, 16] . It has also been reported that golgin-84, GRASP55 and other GA-localized proteins can be methylated on arginines [17] . However, the biological function of arginine methylation of GA-localized proteins has not been elucidated.
Protein arginine methyltransferase PRMT5, also called JBP1 [18] or Skb1 [19] , is involved in RNA splicing [20] , histone modification regulation of gene transcription [21] [22] [23] [24] , cell proliferation [25, 26] , and differentiation [27] [28] [29] . The nuclear localized function of PRMT5 regulating H4R3 methylation and RNA splicing has been studied intensively. Interestingly, fission yeast Skb1 localizes to both nucleus and cytoplasm [30] , and mammalian PRMT5 primarily localizes to the cytoplasm in somatic cells such as 293T, COS-1, Chang liver, U2OS, and normal B-cell [31] [32] [33] , as well as in cord blood progenitors and mouse primordial germ cells after embryonic day 11.5 [23, 27] . PRMT5 is highly expressed in both the nucleus and cytoplasm in transformed mantle cell lymphoma cell lines and is enriched in the nucleus in patient samples [32] . It has been reported that PRMT5 translocation from cytoplasm to nucleus is dependent on coexpression of AJUBA and SNAIL in U2OS cells [33] , whereas, in the case of differentiation of mouse primordial germ cells and human fetal gonocytes, its relocation from the nucleus to cytoplasm may be due to loss of its binding partner Blimp1 [27, 34, 35] . It has been proposed that PRMT5 relocates from nucleus to cytoplasm, where it may play a role in regulating pluripotency [35, 36] . However, little is known of the function of PRMT5 that retains in the cytoplasm. In this study, we investigated the cytoplasmic function of PRMT5. We show that PRMT5 interacts with GM130, localizes to the GA and regulates Golgi ribbon formation through methylation of GM130.
Results

Identification of PRMT5 complexes
To gain further insight into the cytoplasmic functions of PRMT5, we undertook biochemical purification of PRMT5 protein complexes from the cytosol of HeLa cells and identified PRMT5-associated proteins by mass spectrometry. PRMT5 was copurified with an additional 13 polypeptides ( Figure 1A and Supplementary information, Table S1 ), including MEP50, a component of the SMN complex that has been shown to interact with PRMT5 [37] , the golgin GM130 [5] , the AAA ATPase NSF [38] , and the GTPase-activating protein IQGAP1 [39] . These proteins are important for GA structure, vesicle transport, and cellular mobility, suggesting that PRMT5 may function in these processes. GM130 is of particular interest based on its function in the Golgi structure [5-7, 10, 40] . To further verify whether GM130 is associated with PRMT5, we performed reciprocal coimmunoprecipitation with anti-GM130 and anti-PRMT5 antibodies. As shown in Figure 1B , a reciprocal interaction was confirmed between GM130 and PRMT5, consistent with our mass spectrometry result. PRMT5 and GM130 were not associated with golgin-84 ( Figure 1B) .
To further investigate the interaction between PRMT5 and GM130, in vitro protein binding analysis were performed. Flag-tagged PRMT5 was purified from the Chinese hamster ovarian (CHO) cells stably expressing this construct and incubated with recombinant GST-tagged GM130 N-terminus (N, 1-500 aa), GM130 C-terminus (C, 497-990 aa), or GST. Flag-PRMT5 could pull down GST-GM130N, but not GST-GM130C or GST, and PRMT5 binding to GM130 was further mapped to the N-terminal 73 residues using a shorter N-terminal fusion (1-73 aa) (GM130N73) ( Figure 1C ). Conversely, recombinant GST-GM130N, GST-GM130C, or GST was incubated with CHO whole cell lysates containing Flag-PRMT5 and then precipitated with GST beads. Flag-PRMT5 was only associated with GST-GM130N, but not with GST-GM130C or GST ( Figure 1D ). These results indicate that PRMT5 physically interacts with the Nterminus of GM130.
PRMT5 localizes to GA
To reveal the cellular localization of PRMT5 in mammalian cells, we performed immunofluorescence microscopy studies with PRMT5 antibody. We found that the PRMT5 localized predominantly to the perinuclear region within the cytoplasm of U2OS cells, suggesting a possible GA localization. We then used various GA markers P230, ManII, GM130, Ginatin, NSF, and GRASP55 to determine whether PRMT5 localizes to the GA (Figure 2A and Supplementary information, Figure  S1 ). PRMT5 exhibited significant overlap with these Golgi markers, but no colocalization signal was found between PRMT5 and the ER protein Calnexin (Supplementary information, Figure S1 ). The colocalization of PRMT5 with GA markers was also observed in other cell lines such as MCF7, HeLa, and HCT116 (data not shown).
To further confirm that PRMT5 is a GA-localized 
protein, purified GA membranes were isolated from rat liver cells and analyzed by western blotting. PRMT5 and the Golgi proteins, GM130 and p115, were present in the GA fraction, but not ER, early endosome, mitochondrion, or plasma membrane proteins (Bip, EEA1, Bcl2, and Annexin II) ( Figure 2B ). These findings indicate that PRMT5 is indeed present in the Golgi apparatus.
PRMT5 knockdown disrupts Golgi structure
To examine whether PRMT5 regulates GA structure, we used a short hairpin loop-based shRNA vector [41] to knockdown PRMT5 expression, which reduces the protein level by more than 90% ( Figure 3A and Supplementary information, Figure S2 ). Under this condition, compared to cells transfected with a control shRNA, immunostaining signals of GM130, p230, NSF, ManII, and GRASP55 were significantly changed in PRMT5 knockdown cells ( Figure 3B and Supplementary information, Figure S3 ). Under microscopy, we found three types of GA structures that we classified as compact ribbon (CR), ribbon (R), and fragmented (F) in the control and PRMT5 knockdown cells during interphase. Quantitation revealed that the ratio of CR:R:F was about 48:14:38 in the PRMT5-depleted cells, in contrast, the ratio of CR:R:F was 32:49:19 in the control cells ( Figure 3C ). Thus, disruption of PRMT5 resulted in increased Golgi ribbon fragmentation, suggesting that PRMT5 might influence GA structure by affecting tethering or fusion of Golgi membranes. To examine the effect of PRMT5 depletion on Golgi ultrastructure, electron microscopy was performed. This revealed that the Golgi stacks were either fragmented into clusters of vesicular elements or present as small isolated stacks in PRMT5-depleted cells ( Figure 3D and Supplementary information, Figure S4 ). Cotransfection of a GFP-PRMT5-sm expression vector, which produced an shRNA-resistant wild-type PRMT5 U2OS cells were costained with rabbit antibody to PRMT5 and the staining was visualized by a Cy3-conjugated secondary antibody (red), and with mouse antibodies to Golgi markers P230, ManII, and GM130, and the staining was visualized by a FITC-conjugated secondary antibody. Fluorescence images were acquired by confocal microscopy. Scale bars, 10 µm. (B) 100 µg of proteins from rat liver whole cell lysate (WCL) and 10 μg of purified rat liver Golgi apparatus (GA) proteins were loaded and immunoblotted with indicated antibodies.
PRMT5
Golgi marker Merge WCL WCL GA lB: PRMT5
protein ( Figure 3E ), was able to restore the GA ribbon structure as indicated by GRASP55 immunostaining in cells devoid of endogenous PRMT5 ( Figure 3F and 3G). Collectively, these results provide strong evidence that PRMT5 is important for the maintenance of GA structure. Next, we asked whether PRMT5 methyltransferase activity is required for its role in the maintenance of GA structure. We constructed a GFP-tagged PRMT5-md vector, in which two amino acid substitutions were introduced (G367A/R368A) to inactivate PRMT5 methyltransferase activity [25] . Transfection of this vector did not induce GA ribbon fragmentation (data not shown), suggesting that the PRMT5 methyltransferase-dead mutant may not function as dominant negative. To eliminate the potential interference of the endogenous wild-type PRMT5, we constructed a GFP-PRMT5-dm vector, in which the shRNA-resistant GFP-PRMT5-sm vector was further mutated to introduce the G367A/R368A mutation to encode an shRNA-resistant and methyltransferasedead protein. GA ribbon structure could not be restored by GFP-PRMT5-dm after endogenous PRMT5 was depleted by shRNA ( Figure 3F and 3G) . Thus, PRMT5 methyltransferase activity is indispensable for the maintenance of GA structure.
PRMT5 methylates N-terminal arginines of GM130 both in vitro and in vivo
We next examined whether PRMT5 can methylate arginine residues of components of PRMT5 complexes. PRMT5 complexes were isolated from HeLa cells, and incorporation of a radioactive methyl group from tritiumlabeled S-Adenosine Methionine (SAM), indicating methylation, was monitored by autoradiography. Several components were obviously methylated by PRMT5, including a major labeled protein migrating at 130 kDa ( Figure 4A, lanes 1 and 3) . Mass spectrometry identified this protein as GM130 (data not shown). Moreover, when Flag-tagged full-length GM130 isolated from CHO cells was added to the PRMT5 complexes ( Figure 4A , lane 4), the methylation signal at the position corresponding to GM130 was significantly increased ( Figure 4A , lane 2), consistent with GM130 being a substrate of PRMT5. To further test this possibility, we generated recombinant PRMT5 and GM130 proteins in E. coli and performed an in vitro methylation assay. As shown in Figure 4B , a 31 kDa GST fusion protein derived from the N-terminus of GM130 (GST-GM130N) was methylated by PRMT5, while no methylation was observed with GST or GM130 C-terminal GST fusion protein (GST-GM130C), implying that PRMT5 methylates arginine residue(s) in the N-terminus of GM130. Subsequent mass spectrometry analysis of the 31 kDa methylated polypeptide identified Arg 6 and Arg18 or Arg23 as the residues methylated by PRMT5 (Supplementary information, Figure S5 ). We note that a full-length GST-GM130N could not be methylated by GST-PRMT5 ( Figure 4B ), which may be due to the incorrect folding of GST-GM130N purified from bacteria, as GST-GM130N contains a long coil-coiled domain at N-terminus.
To confirm the mass spectrometry results, we generated a series of GM130 mutants by substituting, either individually or in combination, arginines 6, 18 and 23 with lysines, in GST-GM130N73 ( Figure 4C) . In vitro methylation of these mutant substrates with purified Flag-PRMT5 showed that mutations in all three positions affected GM130 methylation, as shown by the significantly diminished methylation signals in these mutants. This result suggests that the N-terminal arginine cluster is likely a methylation target of the PRMT5 methyltransferase activity. The fact that the presence of all three arginines was required for maximum methylation may suggest a potential coordination among these sites. In addition, a single site mutation at R18 completely abolished H-labeled protein derived from in vitro methylation reaction with purified GST-PRMT5, and with GST (10 µg), GST-GM130N (5 µg), or GST-GM130C (5 µg). Arrow indicates methylated GM130 N-terminus. (C) Methylation assay in vitro. Arginine residues in GM130N73 mutants were mutated to lysine (R6K, R18K, R23K). 2-5 µg of GST, GST-GM130N73, and GST-GM130N73 mutants were purified from E. coli, and incubated with 1 µg of Flag-PRMT5 purified from HEK293T cells. Incorporation of npg Interestingly, the methylation levels of PRMT5-associated proteins other than GM130 were also increased by adding either immunoprecipatated Flag-GM130 or purified GST-GM130N73-WT ( Figure 4A and 4C) . Compared to the strong methylation signal in GST-GM130N73-WT, the methylation levels of PRMT5-associated proteins became weaker gradually by mutation of R6K, R23K, R18K, or R6/18/23K (Figure 4C ), which corresponded to the methylation levels of the mutants themselves, suggesting that GM130 methylation might influence PRMT5 enzymatic activity.
To determine whether GM130 in fact contained methylated arginine residues in cells, Flag-GM130 was affinity purified from transiently transfected HEK293T cells and tryptic peptides were analyzed by mass spectrometry. A peptide with the observed molecular mass of 2 166.02 Da was identified, which corresponded to residues 17-34 with two potential dimethylarginines and one phosphoserine (S25) residue (Supplementary information, Figure  S6 ), consistent with the in vitro biochemical assay ( Figure  4C ) and previous studies on GM130 phosphorylation [6, 12] . In contrast to the in vitro methylation assay, neither monomethylarginine nor dimethylarginine corresponding to Arg6 (R6) was observed, and a peptide containing nonmethylated arginine at R6 was observed, suggesting that this residue may not be methylated in vivo (data not shown).
To further determine whether GM130 contains methylated arginines at the N-terminal arginine residues in vivo, we transfected Flag-GM130 or Flag-GM130 Figure 4D and 4E). To confirm whether GM130 methylation was catalyzed by PRMT5 in cells, we further examined the endogenous GM130 methylation levels in PRMT5-deleted cells. As shown in Figure 4F , GM130 was labeled with [ fected with siPRMT5. These data, together with the methylation analysis in vitro, indicate that GM130 is indeed arginine methylated by PRMT5.
GM130 arginine methylation influences GA structure
To reveal the functional impact of GM130 methylation on GA structure, we generated a GFP-tagged GM130 R6/18/23K mutant and transiently expressed it in U2OS cells. Both GFP-GM130 and the GFP-GM130 R6/18/23K mutant were found to colocalize with the GA proteins GRASP55 (Figure 5A and 5B), p230, and golgin-84 (data not shown). However, compared to the normal GA structure observed in cells expressing wild-type GFP-GM130, cells expressing the GFP-GM130 R6/18/23K mutant exhibited more fragmented and dispersed staining signals ( Figure 5A , 5B, 5D).
We also generated a mutant GFP-GM130 R6/18/23/F that mimics constitutive methylation through replacement of Arg6, Arg18, and Arg23 with Phe(F). The fluorescence of the GFP-GM130 R6/18/23/F mutant overlapped with GRASP55, indicating that it is correctly targeted to the GA ( Figure 5C ). Expression of the GFP-GM130 R6/18/23/F mutant significantly increased the number of cells with clear ribbon architecture (Figure 5D ), further supporting the hypothesis that GM130 methylation affects GA ribbon formation. Thus, this provides a mechanistic basis for the PRMT5-dependent regulation of GA ribbon formation.
Discussion
In this work, we reveal the presence of PRMT5 complexes containing the Golgi-associated proteins GM130, NSF, and IQGAP1. Thus, an important physiological function of PRMT5 association with Golgi proteins may be to regulate various Golgi-dependent functions, including the structural organization of the organelle itself. PRMT5 localizes to the GA and loss of PRMT5 disrupts GA ribbon structure, suggesting that PRMT5 functions directly in GA architecture maintenance. This explains previous reports that PRMT5 dominantly localizes to cytoplasm in the somatic cells [42, 43] and plays a role in regulating pluripotency of germ line cells [27, 35, 36] and in transformed B-lymphocyte growth and pathology [32, 44] . Second, we identify a novel role for arginine methylation in regulation of Golgi structure, extending the role of PRMT5 and providing the first evidence of a functional role for methylation of Golgi proteins. This is consistent with the notion that arginine methylation exists in several Golgi proteins [17] .
We propose that PRMT5 functions directly in maintenance of GA architecture through its arginine methylation of GM130, which is involved in GA stacking and ribbon assembly [5, 10, 12] . GM130 knockdown prevents lateral fusion between Golgi stacks resulting in the formation of ministacks [10] . Overexpression of the GFP-GM130 methylation mutant induced GA fragmentation ( Figure 5B ), a phenotype similar to GM130 depletion. Furthermore, the expression of a GM130 constitutive methylation mutant increased GA ribbon formation ( Figure 5C and 5D) . These results suggest that methylation of GM130 influences its role in linking Golgi membranes to the typical ribbon found in vertebrates.
Wild-type GM130 appears to influence PRMT5 enzymatic activity, but the GM130 methylation mutant could not ( Figure 4A and 4C) . In addition, the methyltransferase-dead mutant GFP-PRMT5-dm could not rescue the GA fragmentation induced by PRMT5 depletion ( Figure 3E-3G) , suggesting a plausible mechanism that overexpressed GFP-GM130 mutant might either inhibit the endogenous GA-localized PRMT5 activity, which results in the GA ribbon fragmentation, or impair the tethering complexes of GM130-p115-GRASP65 and GM130-p115-Giantin, which are critical to the GA structure [5-7, 10, 12, 45-49] .
Golgi assembly and disassembly is a dynamic process coordinated in the cell cycle. Phosphorylation of GM130 and other Golgi-associated proteins in mitosis is thought to trigger Golgi disassembly. At present, it remains unknown whether or how PRMT5-mediated GM130 methylation contributes to the cell cycle regulation.
In summary, our results reveal a new function for arginine methylation in the cytoplasm, namely, the regulation of GA structural organization. We reveal that a major function of PRMT5 is in regulation of GA structure through methylation of GM130.
Materials and Methods
DNA constructs and antibodies
Human PRMT5 full-length cDNA (GeneBank accession number: BC025979) and GM130 (GeneBank accession number: BC069268) were purchased from Open Biosystems. PRMT5, p115, GM130, GM130N (1-500 aa), GM130N∆73 (74-500 aa), GM130C (497-990 aa), and GM130N73 (1-73 aa) were subcloned into pEGFPC1 (Clontech), pGEX4T-1, and pCMV-Tag 2A/2B (Stratagene) in frame by PCR. The U6 promoter-driven shRNA expression vector pDsU6 and control shRNA (siLuc) were previously described [41] . Four short hairpin-based shRNA silencing vectors were generated, which were specific for target PRMT5 mRNA codon sequence. The target sites in the PRMT5 coding region were 288-308, 626-646, 848-868, and 1 221-1 241 (+1 being the A residue in the initiating codon) and were verified in the human genome sequence database (NCBI) as unique sequences. Two high-efficiency vectors pDs288 and pDs626 were named as siPRMT5-1 and siPRMT5-2, respectively. siPRMT5 indicates
npg siPRMT5-1 if not specified. PRMT5 shRNA-resistant mutant (pGFP-PRMT5-sm) construct was prepared by introducing two silent mutations within the siPRMT5-targeting sequence using sitedirected mutagenesis with the sequence 5′-TGG AGA AGA TTC GCC GGA ATT CCG AGG C-3′. PRMT5 methyltransferase-dead mutant (PRMT5-md, G367A/R368A) and GM130N73 serial mutants were generated with site-directed mutagenesis. All constructs were verified by double-stranded DNA sequencing. The polyclonal antibody against PRMT5 was purchased from Upstate. The monoclonal antibodies against β-actin, α-tubulin, GST, Flag, and ManII were products of Sigma. Monoclonal antibody against GFP was purchased from Clontech. Anti-GM130, anti-golgin-84, anti-NSF, anti-Bip, anti-EEA1, anti-Giantin, anti-Bcl2, anti-Annexin II, and anti-Calnexin monoclonal antibodies were from BD Transduction Laboratories. The polyclonal antibodies against GRASP55 and p115 were made by Animal Center in Institute of Genetics and Developmental Biology.
PRMT5 complex purification and reciprocal immunoprecipitation
For reciprocal immunoprecipitation, 500 µg of cell extract protein was incubated overnight with 2 µg of anti-GM130, anti-PRMT5, anti-Flag antibodies or IgG and 10 µl of Protein A/G agarose beads (OncogeneScience) at 4 °C. After extensive washing with buffer (50 mM Tris-HCl, 150 mM NaCl, 0.5% Triton X-100 (pH 7.4)), all associated proteins were eluted and subjected to western blot.
Cell culture, transfection, western blot, and immunofluorescence microscopy
HCT116, HEK293T, MCF7, CHO, and U2OS cells were maintained at 37 °C and 5% CO 2 in Dulbecco's modified Eagle's medium (Gibco) plus 10% fetal bovine serum (Gibco) and 1% penicillin-streptomycin (Gibco). Cells were transfected using Lipofectamine 2000 (Invitrogen) following manufacturer's recommendations. HCT116 or U2OS cells transfected with siPRMT5 construct or the control siLuc were grown in the presence of G-418 (Gibco) for 48 or 72 h to enrich for transfected cells, as described previously [41] . These transfected cells were harvested for western blot or fixed for electron microscopy assay. For immunofluorescence staining, cells grown on coverslips were either fixed to stain with indicated antibodies or cotransfected with the siPRMT5 vector and GFP or GFP-tagged PRMT5 vectors (6:1 molar ratio), and then fixed to stain with Golgi marker antibodies as described [41] . The stained cells were visualized under a Zeiss or Nikon microscope. For electron microscopy, cells were fixed with 2% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) for 1 h, postfixed with 1% osmium tetroxide for 1 h, dehydrated in alcohols, and embedded in Epon. Sections were cut on ultramicrotome and analyzed with a JEM-1230 transmission electron microscope (JEOL , Tokyo, Japan).
Protein purification and methylation analysis
GST and GST-fused proteins expression, purification, and methylation assays were carried out as previously described [30] . For analysis of full-length GM130 methylation, CHO cells were transfected with pCMV-TAG-2B-GM130 and harvested 24 h after transfection with lysis buffer (50 mM Tris-HCl, 150 mM NaCl, 1 mM EDTA, and 0.5% Triton X-100 with protease inhibitor cocktail (Roche) (pH 7.4)); Flag-GM130 was purified by anti-Flag M2 affinity beads (Sigma), and was eluted with two volumes of elution buffer (50 mM Glycine-HCl (pH 2.7)) and then neutralized by neutralization buffer (0.5 M Tris-HCl, 1.5 M NaCl, pH 8.0). About 1 µg of Flag-PRMT5-binding beads purified from CHO cells were mixed with 5 µl of 3 H-SAM and 20 µl of Flag-GM130 elutes, and the mixture was incubated at 30 °C for 3 h and then stopped by adding SDS sample buffer, boiled for 5 min at 100 °C and subjected to SDS-PAGE. The mixture was split into two parts: the gel with 9/10 mixture was stained by Coomassie Blue, destained, incubated with enhancer buffer for 1 h, dried, and exposed on Xfilm for 10-20 days; the gel with 1/10 mixture was transferred to Nylon membrane for western blotting with anti-Flag antibody. For in vivo labeling, at 24 h after being transfected with Flag-GM130-or Flag-GM130 R6/18/23K -expressing vectors, HEK239T cells were fed with 3 H-SAM (0.55 µCi/ml) for 1 h at 37 °C and then washed with ice-cold 1× PBS (pH 8.0) three times; clarified whole cell lysate protein (2 mg) was used for purification of Flag-GM130 or Flag-GM130 R6/18/23K . Four-fifth of Flag immunoprecipitates were subjected to autoradiography and one-fifth was used for western blotting by anti-Flag antibody.
Rat liver Golgi membrane isolation
Isolation of Rat liver Golgi membranes was conducted as previously described [49] [50] . Six rat livers were homogenized in K/ S buffer (0.1 M K 2 H 2 PO 4 and 5 mM MgCl 2 ) with 0.5 M sucrose. 4 ml of homogenate was laid on top of 6.5 ml of 0.86 M K/S buffer in SW40 tubes, and overlaid with 2.5 ml of 0.25 M sucrose K/ S buffer. After centrifugation at 29 000 r.p.m. for 60 min at 4 °C, the interface of 0.5 M sucrose and 0.86 M sucrose K/S buffer was collected and adjusted to 0.25 M sucrose K/S. This was laid on top of 1.5 ml of 0.35 M K/S buffer, which was laid on top of 0.5 ml 1.2 M K/S buffer in SW40 tubes. After centrifugation at 6 000 r.p.m. for 20 min at 4 °C, the Golgi membranes at the 0.35 M/1.2 M sucrose interface were collected and snap frozen in liquid nitrogen for storage at −80 °C. The Golgi membranes were subjected to western blot.
Large-scale PRMT5 immunoprecipitaiton
Hela cells were harvested and washed three times by PBS. The cell pellet was gently resuspended with five volumes of hypotonic buffer (10 mM HEPES-KOH (pH 8.0), 10 mM KCl, 1.5 mM MgCl 2 , 1 mM dithiothreitol (DTT), and 0.2 mM phenylemethylsulfonyl fluoride (PMSF)) for 10 min on ice. Then the pellets were added to two volumes of hypotonic buffer and homogenized with 15 strokes using pestle B in a Dounce glass homogenizer (Wheaton, Millville, NJ, USA). The lysate was centrifuged at 20 000 × g for 30 min at 4 °C. The supernatant was mixed with 0.11 volume of high-salt buffer (20 mM HEPES-KOH (pH 8.0), 20% glycerol, 1.2 M KCl, 1.5 mM MgCl 2 , 0.2 mM EDTA, 1 mM DTT, and 0.2 mM PMSF) and centrifuged at 100 000 × g for 1 h at 4 °C. The supernatant was dialyzed against dialysis buffer for 2 h at 4 °C and then centrifuged at 20 000 × g for 30 min at 4 °C. The supernatant (15 mg) was mixed with 20 µg PRMT5 antibody and rotated for 4 h at 4 °C and then mixed with 50 µl of protein A-Sepharose beads (50% slurry) for 1 h at 4 °C. The immunoprecipitates were washed three times with the buffer (20 mM Tris-HCl (pH 8.0), 100 mM NaCl, 1 mM EDTA, and 0.5% Nonidet P-40). The beads were boiled with loading buffer and subjected to SDS-PAGE. The Coomassie blue- stained protein bands were excised from the gel and subjected to in-gel digestion and mass spectrometry analysis.
